CLAIMS 




^lr->^A heat sink material comprising carbon or 
allotrope ther&&iand metal (14) , 

wherein an averag^Qoef f icient of thermal conductivity 
of those in directions of orttitwj.Qnal three axes, or a 
coefficient of thermal conductivity lhsa direction of any 
axis is not less than 160 W/mK. 
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The heat sink material according to any one of 
claims \, 3, and 5, wherein said heat sink material is 
constructed by infiltrating a porous sintered member (12) 
with said me\al (14), said porous sintered member (12) being 
obtained by silvering said carbon or said allotrope thereof 
to form a net* 

7. The heat sinjc material according to claim 6, 
wherein a porosity of s^id porous sintered member (12) is 10 
to 50 % by volume, and an\average pore diameter is 0.1 to 
200 (xm. 

8. The heat sink materiel according to claim 6 or 7, 
wherein as for volume ratios betvfceen said carbon or said 
allotrope thereof and said metal ( \4 ) , said volume ratio of 
said carbon or said allotrope thereof is within a range from 
50 to 80 % by volume, and said volume Vatio of said metal 
(14) is within a range from 50 to 20 % by volume. 



9 . The heat sink material according >to any one of 
claims 6 to 8, wherein an additive is added said carbon 
or said allotrope thereof for decreasing a closed porosity 
when said carbon or s^axck allotrope thereof is sintered. 



10. The he 
wherein said ad 




said closed porosity is 



SiC and/or Si. 



. The heat sink material according to any one of 
claims \, 3 , and 5 , wherein said heat sink material is 
constructed by infiltrating a preformed product with said 
metal (14),\said preformed product being prepared by mixing 
water or a binder with powder (12b) of said carbon or said 
allotrope thereof, and forming an obtained mixture under a 
predetermined pressure . 

12. The heat sink material according to claim 11, 
wherein an average Npowder particle size of said powder 

(12b) of said carbon or said allotrope thereof is 1 to 2000 
|xm, and \ 

wherein a length ratio i^ not more than 1 : 5 between a 
direction in which said powder \l2b) has a minimum length 
and a direction in which said powder (12b) has a maximum 
length. \ 

13. The heat sink material according to claim 11 or 
12, wherein as for volume ratios betweenV said carbon or said 
allotrope thereof and said metal (14), saM volume ratio of 
said carbon or said allotrope thereof is within a range from 
20 to 80 % by volume, and said volume ratio ok said metal 
(14) is within a range from 80 to 20 % by volumW. 

14. The heat sink material according to any ohe of 
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:laims 1, 3, and 5, wherein said heat sink material is 
coitstructed by mixing powder (12b) of said carbon or said 
allotr^pe thereof with said metal (14) dissolved into a 
liquid sr^Jte or a solid-liquid co-existing state to obtain a 
mixture, andXcasting the obtained mixture . 



15. The heat N ^ink material according to any one of 
claims 6 to 14, where ih^ a closed porosity is not more than 
12 % by volume. 

16. The heat sink materialNaccording to any one of 
claims 6 to 15, wherein an element f^r improving wettability 
at an interface is added to said metal >44). 





17. The hea 
wherein said eleml 
interface wett 
Te, Bi 



o claim 16, 
for improving said 

e of those selected from 
Cd, and Ni. 



sink material according to any one of 
claims 6 to 17, where inaiT^eieinent for improving reactivity 
with said carbon or said allotrope therfeo^is added to said 
metal,. (14) . 
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19. The heat j s 
wherein said elej 
with saarcT carbon 



ink material acco^^d^rrg^To^ claim 18, 
efrtr^terbe added^to improve said reactivity 
said allotroper thereof is one or more of 



- 77 - 



those selected from Nb, Cr, Zr, Be, Ti, Ta, V, B, and Mn. 

| J ^^&-^-^Ehe^h^ sink material according to any one of 
claims 6 to 19, whei^in an element, which has a temperature 
range of solid phase/liquiQ^ptjase of not less than 30 °C, is 
added to said metal (14) in order to^iiq^rove molten metal 
flow performance. ^^"^^^ 



claim 20, 



addedXs one or more of those 




ac cording — Lu claim 2-2 , 
Zn or the like. 

The heat sink m^Jtefial according to any one of 
claims 6 tb^S, wherein an element for improving said 
coefficient of ^ermal conductivity is added to said metal. 
(14) . 
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25. The heat sink mat?»s^rial according to claim 24, 
wherein an element for improvi?*g said coefficient of thermal 
conductivity is added to said met^i. (14), an alloy of the 
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^element and said metal (14) is obtained by segregation or 
the like after a heat treatment, processing, and reaction 
with\carbon, and the alloy has a coefficient of thermal 
conductivity of not less than 10 W/mK. 

26. Th^e heat sink material according to any one of 
claims 1 to s\ wherein said heat sink material is 
constructed sucrk that powder (12a) of said carbon or said 
allotrope thereof \is mixed with powder (14a) of said metal 
(14) to obtain a mixture and the obtained mixture is formed 
under a predetermined ^pressure . 

27. The heat sink material according to claim 26, 
wherein an average powder particle size of said powder (12a) 
of said carbon or said allotrope thereof and said powder 
(14a) of said metal (14) is 1 to, 500 ^m. 

28. The heat sink material according to any one of 
claims 1 to 5 , wherein said heat sinw. material is 
constructed such that a pulverized cut\material of said 
carbon or said allotrope thereof is mixed with powder of 
said metal (14) to obtain a mixture and tne mixture is 
formed at a predetermined temperature underv a predetermined 
pressure. \ 

29. The heat sink material according to any one of 
claims 26 to 28 , wherein as for volume ratios between said 
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^arbon or said allotrope thereof and said metal (14), said 
volitate ratio of said carbon or said allotrope thereof is 
within X range from 20 to 60 % by volume, and said volume 
ratio of sk^-d metal (14) is within a range from 80 to 40 % 
by volume . 

30. The heat^sink material according to any one of 
claims 26 to 29, wherein said coefficient of thermal 
conductivity is not less\than 200 W/mK, and a coefficient of 
thermal expansion is 8 x 10\ to 14 x 10" 6 /°C 

31. The heat sink material Recording to any one of 
claims 26 to 30, wherein an additivdvmaking it possible to 
perform re-sintering after formation, r^ added to said 
carbon or said allotrope thereof. 
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32. The heat 
wherein said a£dirl 
sintering after sa 





[terial a ccord in g t° ^.•La-im Tt 

possible to perform said re- 
is SiC and/or Si. 



The heat sink material according to any one of 
claims 26 to 32, where^nr--a--Jj2wmelting point metal for 
improving wettability at an interface i^^xide<L_tosaid metal 
(14) . 

atcri - a - 1 according to claim 33 , 

t metal is one or more of those 
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selected from Te , B: 



laT^Cd, 



"and Ni 



heat sink material according to any one of 
claims 26 to 34 , wrT§t-e4jx^an element for improving reactivity 
with said carbon or said allotrope^thei^ofis added to said 
metal (14). " * 



with' said 




up 



;*7-^^The heat sink material according to any one of 
claims 26 to 36,^wltes^in an element having a temperature 
range of solid phase -liquidpltes^of not less than 30 °C is 
added to said metal (14) in order to im|T3?OL5£e molten metal 
flow performance. "^^^ 




curdlny to ciainr-3^ 
£ied is one or more of those 



eat sink material according to any one of 
claims 26 to 38, wherein^arT^el^ment for lowering a melting 
point is added to said metal (14). 
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4T7" — -Kieheat sink material according to any one of 
claims 1 to 40, wherein^a^earfeide layer is formed on a 
surface of said carbon or said allotropS^fefee^eof . 



42. The heat 
wherein said carb 
reaction at leas 
thereof and the 



le layer is ) f$ 



sij*k^mafffe*rial accordingtp— e^Sim 41, 

on the basis of a 
id carbon or said allotrope 
einent^fjQ bemadded . 



43/ The heat sink material Recording to claim 42, 
wherein said elemeVf to be ad£^ci is one or more of those 
selected from Ti,C^l — MoT^Nb, Cr, Zr, Be, Ta, V, B, and Mn, 

The heat sink material according to any one of 
claims 1 ^tp 43, wherein said metal (14) is at least one 
selected from\Cu, Al, and Ag. 



45. The heat sink material according to any one of 
claims 1 to 44, wherein\ ratio of coefficient of thermal 
conductivity is not more th^n 1 : 5 between a direction in 
which said coefficient of thernt^l conductivity is minimum 
and a direction in which said coefficient of thermal 
conductivity is maximum. 
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\6. A method of producing a heat sink material, 
comprising the steps of : 

sintering carbon or allotrope thereof to form a network 
for obtaiiving a porous sintered member (12); 

infiltrating said porous sintered member (12) with 
metal (14); ^nd 

cooling said porous sintered member (12) infiltrated 
with at least skid metal (14). 

47. The method of producing said heat sink material 
according to claim &6 , wherein in said sintering step, said 
carbon or said allotrope thereof is placed in a vessel, and 
an interior of said vessel is heated to produce said porous 
sintered member (12) of jfeaid carbon or said allotrope 
thereof . \ 

48. The method of producing said heat sink material 
according to claim 46 or 47, wherein in said infiltrating 
step, said porous sintered memAer (12) is immersed in molten 
metal of said metal (14) introduced into a vessel, and said 
porous sintered member (12) is infiltrated with said molten 
metal by introducing infiltrating gas into said vessel to 
pressurize an interior of said vesseu. 

49. The method of producing said\heat sink material 
according to claim 48, wherein force of isaid pressurization 
is four to five times as strong as a compressive strength of 
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)orous sintered member (12) of said carbon or said 



allotrope thereoj 



compres 



jss than four to five times the 




according 



pressu 



The method of producing said heat sink material 
according to any one of claims 46 to 50, wherein in said 
cooling step, said infiltrating gas in a vessel is vented, 
and cooling c^s is quickly introduced to cool an interior of 
said vessel, 



52. The methocl of producing said heat sink material 
according to any one G»f claims 4 6 to 51, 

wherein said sintering step includes a step of setting 
said carbon or said allotype thereof in a case (70), and a 
step of preheating an interior of said case (70) to prepare 
said porous sintered member ( l\) of said carbon or said 
allotrope thereof , and 

wherein said infiltrating step\ includes a step of 
setting said case (70) in a mold (82)\of a press machine 
(62), a step of pouring molten metal (8(5) of said metal (14) 
into said case, and a step of forcibly pressing said molten 
metal (86) downwardly with a punch (84) of s^aid press 
machine (62) to infiltrate said porous sintered member (12) 
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n said case (70) with said molten metal (86). 



\53. The method of producing said heat sink material 
according to claim 52 , wherein a pressure of said forcible 
pressing >by said punch (84) is four to five times as strong 
as a compressive strength of said porous sintered member 
(12) of saidV:arbon or said allotrope thereof or less than 
four to five times the compressive strength of said porous 
sintered member (\12). 

54. The methocrvof producing said heat sink material 
according to claim 53 \ wherein said pressure of said 
forcible pressing by said punch (84) is 1.01 to 202 MPa (10 
to 2000 atmospheres). \ 

55. The method of producing said heat sink material 
according to claim 53 or 54, wnerein said mold (82) is 
formed with a gas vent hole for Renting any remaining gas in 
said porous sintered member (12) ors, formed with a gap for 
venting gas . \ 

56. The method of producing said hetat sink material 
according to any one of claims 46 to 55, wherein in said 
cooling step, said heat sink material, in wAich said porous 
sintered member (12) is infiltrated with said\metal (14), is 
cooled by cooling gas blown thereagainst or by \ising a 
cooling zone or a cooling mold where cooling water is 



supplied. 

\57. A method of producing a heat sink material, 
comprising the steps of: 

mixing water or a binder with powder (12b) of carbon or 
allotrope \hereof to obtain a mixture; 

formingVthe obtained mixture into a preformed product 
under a predetermined pressure; and 

infiltrative said preformed product with metal (14). 

58. A method V>f producing a heat sink material, 
comprising the steps\of: 

mixing powder (l^a) of carbon or allotrope thereof with 
metal (14) dissolved iirco a liquid state or a solid-liquid 
co-existing state to obtain a mixture; and 

casting the obtained\ mixture . 

59. A method of producing a heat sink material, 
comprising the steps of: \ 

mixing powder of carbon ojt allotrope thereof with 
powder (14a) of metal (14) to obtain a mixture (104); and 

pressurizing the obtained mixture (104) placed in a 
mold of a hot press machine (102) at a predetermined 
temperature under a predetermined pressure to form into said 
heat sink material. \ 

60. A method of producing a heat sink material. 
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^comprising the steps of: 

\ mixing powder of carbon or allotrope thereof with 
powder (14a) of metal (14) to obtain a mixture (104); 

preforming the obtained mixture (104) to prepare a 
preformted product (106); and 

pressurizing said preformed product (106) placed in a 
mold of a Wot press machine (102) at a predetermined 
temperature under a predetermined pressure to form into said 
heat sink material. 

61. A method, of producing a heat sink material, 
comprising the stepk of : 

mixing a pulveriteed cut material of carbon or allotrope 
thereof with powder (14,a) of metal (14), and preforming to 
prepare a mixture (104);\and 

pressurizing said mixture (104) placed in a mold of a 
hot press machine (102) at a predetermined temperature under 
a predetermined pressure to norm into said heat sink 
material- \ 

62. A method of producing a heat sink material, 
comprising the steps of: \ 

mixing a pulverized cut material of carbon or allotrope 
thereof with powder (14a) of metal (3^4) to obtain a mixture 
(104); \ 

preforming the obtained mixture (I0l4) to prepare a 
preformed product (106); and \ 
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pressurizing said preformed product (106) placed in a 
mold of\a hot press machine (102) at a predetermined 
temperature under a predetermined pressure to form into said 
heat sink material. 

63. The n\ethod of producing said heat sink material 
according to any\pne of claims 59 to 62, 

wherein said predetermined temperature is relatively - 
10 °C to -50 °C withNrespect to a melting point of said 
metal (14), and \ 

wherein said predetermined pressure is 10.13 to 101.32 
MPa (100 to 1000 atmospheres) . 

64. The method of producing said heat sink material 
according to any one of claims >59 to 63, wherein said heat 
sink material is heated to a temperature of not less than a 
melting point of said metal (14) aftter said pressurizing 
step. \ 

65. The method of producing said h^at sink material 
according to any one of claims 46 to 64, wkerein said metal 
(14) is at least one selected from Cu, Al, arid Ag. 
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